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(57) Abstract 

PROBLEM TO BE SOLVED: To provide a composite 
material reinforced by fibers composed of carbon and/or 
graphite and having low thermal expansion coefficient in 
facial direction and to provide a method for producing it. 

SOLUTION: This composite material composed of carbon 
and/or graphite- series fibers and a matrix of copper or 
a copper alloy is the one composed of carbon and/or 
graphite-series fibers and a matrix of copper or a 
copper alloy, and, as for the carbon and/or 
graphite-series fibers, the length thereof exceeds 40 ^m, 
the aspect ratio and volume ratio lie in the range 
surrounded by the points A (4, 75), B (10, 75), C (30, 
55), D (30, 25), E (20, 25) and F (4, 45) shown by the 
fig. 1, and, furthermore, they are oriented in the 
direction of the two-dimensional face at random. It has 
a low thermal expansion coefficient in the facial 
direction and is suitable as the material for a 
substrate for a semiconductor device. 
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[Paragraph 26] 

The composite material of present invention has a low 
thermal expansion coefficient in the direction of the two 
dimensional surface of the composite material. If the 
composite material is used for a substrate of a semiconductor 
device, the suitable thermal expansion coefficient is 5 
through 11 ppm/°C. More preferably, the thermal expansion 
coefficient is 7.0 through 9.0 ppm/°C. Accordingly to the 
present invention, the thermal expansion coefficient is 
sufficiently low to meet the requirement. 

[Paragraph 28] 

The matrix in the composite material of the invention is 
composed of copper or copper alloy. The matrix may only be 
composed of copper. Alternatively, the matrix may be composed 
of copper alloy adding one or more element of Mo, W, Cr, Ag, 
ceramic particle or the like to copper. That is, the copper 
alloy may contain one or more metal having a high melting 
point such as Mo, W and Cr in order to increase a mechanical 
strength of the composite material. The copper alloy may 
contain ceramic particle. The copper alloy may contain Ag or 
the like in order to increase a thermal resistance of the 
composite material. 

[ Paragraph 40] 

[ First embodiment ] 

Referring to Figs. 5 and 6, and Tables 1 and 2, the first 
embodiment of present invention is described. A graphite fiber 
having 20 \Am in diameter and 200 |iin in mean length is used as 
a fiber of a composite material. A copper powder having 20 \xm 
in mean diameter is used as a copper powder of the composite 
material. A predetermined weight of the fiber and the copper 



powder is weighed and prepared so that the fiber is 50 % of 
volume fraction in the composite material. Then, the fiber and 
the copper powder are mixed by a ball mill . A mixture of the 
fiber and the copper powder is introduced into a die of which 
a copper foil is provided on the surface of inner wall. The 
copper foil is 35 \im in thickness. Then a compressive molding 
is formed by dry press to the mixture under 1 t/cm^ of pressure. 
The compressive molding has about 40 % of filling factor ( a 
rate of the mixture to volume of the compressive molding) . 

[Paragraph 41] 

Then, the compressive molding is loaded into a metal 
capsule as shown in Fig. 5. After the compressive molding (8) 
composed of the graphite fiber (1) and the copper powder (7) 
as the matrix and covered with a copper foil (13) is loaded 
into the metal capsule including a bellows-like side wall (9) 
which is 65 mm in inner diameter, 0.6 mm in thickness and 10.0 
mm in a pitch of bellows thereof and is made of SUS 304, then 
lids (11), (12) are provided to opposite sides of the metal 
capsule. When each of the lids (11), (12) is welded by an 
electron beam welding under vacuum condition, the metal 
capsule is sealed in vacuum. 

[ Paragraph 42] 

An HIP processing to the compressive molding (8) is 
performed under a condition maintaining 1500 atm of pressure 
and 1000 of temperature during 2 hours in the metal capsule, 
then the bellows-like side wall (9) of the metal capsule is 
crushed uniformly along the direction of a cylindrical axis of 
the bellows-like side wall (9) and the compressive molding is 
therefore contracted in the direction of one axis. That is, 
the fiber reinforced composite material having 25 mm in height 
is obtained by contracting in the direction of one axis of the 
compressive molding (8) having 60 mm in height. In the fiber 
reinforced composite material, the graphite fiber (1) is 
oriented at random to the copper matrix (3) in the direction 
of two dimensional surface thereof . 



